Upregulation of intracellular antioxidant enzymes in brain and heart during estivation in the African lungfish Protopterus dolloi.
The African slender lungfish, Protopterus dolloi, is highly adapted to withstand periods of drought by secreting a mucous cocoon and estivating for periods of months to years. Estivation is similar to the diapause and hibernation of other animal species in that it is characterized by negligible activity and a profoundly depressed metabolic rate. As is typically observed in quiescent states, estivating P. dolloi are resistant to environmental stresses. We tested the hypothesis that P. dolloi enhances stress resistance during estivation by upregulating intracellular antioxidant defences in brain and heart tissues. We found that most of the major intracellular antioxidant enzymes, including the mitochondrial superoxide dismutase, cytosolic superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase, were upregulated in brain tissue of lungfish that had estivated for 60 days. Several of these enzymes were also elevated in heart tissue of estivators. These changes were not due to food deprivation, as they did not occur in a group of fish that were deprived of food but maintained in water for the same period of time. We found little evidence of tissue oxidative damage in estivators. Products of lipid peroxidation (4-hydroxynonenal adducts) and oxidative protein damage (carbonylation) were similar in estivating and control lungfish. However, protein nitrotyrosine levels were elevated in brain tissue of estivators. Taken together, these data indicate that estivating P. dolloi have enhanced oxidative stress resistance in brain and heart due to a significant upregulation of intracellular antioxidant capacity.